Abstract
Introduction
Age at menarche (AAM), the time of the first menstrual cycle, is an important developmental milestone in a female's life, from both social and medical perspectives. It signals the beginning of the ability to reproduce. The timing of menarche is determined by both genetic and environmental factors [1, 2] . Results from previous studies have shown that a female's AAM affects her health later in life and has been identified as a risk factor for several traits including breast cancer [3, 4] , osteoporotic fracture [5] , abnormal lung function [6] and depression [7, 8] . Moreover, recent researches mentioned that earlier menarche has also been associated with obesity [9] , type 2 diabetes [10] [11] [12] as well as increased metabolic syndrome [13, 14] , and all these confer an increased risk of cardiovascular disease (CVD). Though several studies have been conducted for Western and Asian women about the relationship between AAM and CVD [15] [16] [17] [18] [19] [20] , no consensus was achieved and the association of AAM with many cardiovascular (CV) risk factors remains unclear. These estimates should be considered with caution due to the fact that some studies are distinguishing between shared environment as well as a small sample size. If we are to figure out the association between the timing of sexual maturation and CVD risk factors, it could potentially be useful in developing effective prevention interventions for a female population with high CVD risk factors.
Accordingly, we conducted a large population study in China on this issue by pooling individual-level data from a total of 13,242 women. The aim of this study was to determine whether AAM is linked to CV risk factors such as physical activity, smoking habits, alcohol consumption and body mass index (BMI).
Materials and Methods

Subjects or Study Population
This study is a population-based health survey, retrospective study conducted in the cities of Beijing and Xiaogan (Hubei province) between 2009 and 2013. A total sample of 13,242 subjects was drawn from the target population consisting of residents aged 24-79 years from mainland China. The study design, detailed sampling method, investigation and data collection were done according to previous studies [17, 21] . The subjects were asked to answer a questionnaire or underwent a detailed medical interview, including questions regarding age, AAM, health and psychological status, lifestyle and physiological index. All clinical examinations were conducted in the Central Hospital of Xiaogan Health in the province of Hubei and the International Medical Center and Health Science Center of the Chinese PLA General Hospital in Beijing. All participants gave informed consent to take part, because data was analyzed anonymously, and no written consent was required. The study was approved by the Review Board/Ethics Committees of the Chinese PLA General Hospital.
We excluded those participants with incomplete or no information of AAM and/or CVD information. This brought the final analysis to 12,663 (95.6%) participants.
Assessment of AAM
AAM was defined as age at the first menstrual cycle and assessed in full years (as per the Gregorian calendar and related interpretation of age). Subjects' menarche age was obtained by asking participants in a personal survey. For analysis, AAM was categorized into four categories ( ≤ 12, 13-14, 15-16, and ≥ 17 years) to reflect current AAM in China.
Assessment of CVD Risk Factors
We obtained the information about prevalent hypertension (HTN), diabetes mellitus (DM) and incident CVD events based on self-reported physician diagnosis of diabetes or self-reported medication use at baseline. In the present study, we have information on the subjects' incident coronary heart disease (CHD), heart failure and brain stroke events and set these together as incident CVD events. Subjects' data on smoking status (current smoker or non-smoker), alcohol consumption, physical activity level [level 1 (sedentary) to level 4 (most active)] and highest educational qualifications (junior high school or below, senior high school, college or above) were extracted from standard questionnaires completed by participants in the study. Subjects' alcohol use was obtained by questions regarding the number of times alcohol was consumed in a week, the total number of alcoholic drinks each time, and the type of drink. One drink was defined as approximately equivalent to 50 ml of alcohol or 25 g of ethanol or 1 unit. We categorized the alcohol consumption as none, moderate use (1-3 units of alcohol per week) or greater (4 units or above of alcohol per week).
In addition, all participants underwent a standard clinical exam to measure their height, waist circumference (WC), weight, blood pressure and ST-T change. All measurement procedures are described in detail elsewhere [14, 19, 20] . BMI was calculated as weight in kilograms divided by height in meters squared. Based on World Health Organization (WHO) guidance, obesity was defined as a BMI of ≥ 30. A fasting (at least 8 h) venous blood sample was also taken from all investigated participants to analyze the following indicators including hemoglobin (HGB), uric acid, fasting blood sugar (Glu), total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein (LDL) and C-reaction protein. A 2-hour postprandial blood glucose (PG2h) was additionally measured exactly 2 h after eating a meal.
Psychological status, including job or life stress, job satisfaction, life satisfaction, distress and anxiety were measured in all study participants using a questionnaire. For each participant, we assessed the job or life stress with five levels: '0' for no stress, '1' for relatively small, '2' for general, '3' for large or big, and '4' for great, and then categorized it into three levels as no stress (0), medium (1-2), and great (3-4) for the sake of statistical analysis.
Statistical Analysis
The AAM was stratified ( ≤ 12, 13-14, 15-16, and ≥ 17years) for analysis of subjects' basic characteristics. Normally distributed variables are presented as the mean ± standard deviation (SD) and nonnormally distributed data as the median and interquartile range. Categorized variables are expressed as percentages.
The p values are presented for the difference of these variables between the four categories.
The basic features of the anthropometric parameters were described by descriptive statistics in our study. Pearson correlation analysis was used to assess the correlation coefficient between the dependent variable, AAM and independent variables, such as BMI, WC and height. The correlation between AAM and CVD risk factors, such as BMI, WC and height, were analyzed with linear correlation. Multivariable logistic regression analysis model and Pearson test were performed for selecting main factors that influenced AAM. The group with AAM ≥ 17years was set as the reference group in the categorized model.
The statistical significance level was set at p < 0.05. All analyses were performed using SPSS.
Results
Of the 13,242 women recruited, 579 (4.4%) women were excluded for the lack of AAM or CVD information and the remaining 12,663 subjects were included for analysis. The participants' age was between 24 and 79 years, with a mean age ± SD of 47.68 ± 8.9 years. The mean AAM was 14.7 ± 1.9 years, with a range of 8-22 years. The basic characteristics of these samples are provided in table 1 according to AAM.
In summary, women with older AAM ( ≥ 17 years group) had a lower current age, height, HDL, and a higher BMI, WC, TG, HGB, LDL, PG2h, systolic blood pressure, diastolic blood pressure, TC, and Glu. They were also more likely to be physically active and be a current smoker. The percentage of those with an education level of college or above, obesity (BMI ≥ 30)/central obesity (WC ≥ 80 cm), HTN, DM and CVD events increased across the increasing categories of AAM, as shown in table 1 (p < 0.001).
The association between AAM considering the four categories and single components of the CV risk factors is shown in table 2 . After age, BMI and height adjustment, the adjusted odds ratio (ORs) and 95% confidence interval for HTN across menarche age categories ( ≤ 12, Defined as CHD, heart failure and brain stroke. for incident CVD events were 0.18 (0.08-0.41), 0.18 (0.08-0.41), 0.62 (0.41-0.93), and 1 (referent) respectively. The later AAM was significantly associated with a higher prevalence of HTN, a higher incidence of CVD and a lower prevalence of 'college or above' degree, but not with smoker status or others, and these variables were therefore not given.
Discussion
In this vast-range and large population-based retrospective study, we found that reported AAM was significantly and consistently associated with some CVD risk factors. Women with later AAM had a higher BMI, WC, TG, HGB, LDL, and PG2h, systolic blood pressure, diastolic blood pressure, TC, Glu and lower HDL levels during adulthood. Those who had later menarche ( ≥ 17 years) had a higher risk of obesity (BMI ≥ 30)/central obesity (WC ≥ 80 cm), HTN, DM and CVD events compared with other women. They are more likely to be physically active and be a current smoker, but the percentage with a 'college or above' degree of education is decreased. Although slightly attenuated, these associations between AAM and HTN, CVD incidence and 'college or above' education level persisted after adjustment for age, BMI and height.
Comparison with Other Studies
AAM serves as a significant event in a female's life as well as an important indicator of sexual maturity. A number of factors such as one's physical condition as well as genetic and living environment factors contribute to the timing of menarche [1, 2] . Recent studies also demonstrate that the timing of the first menstrual period has important implications for the health of pre-and postmenopausal women, such as breast cancer (http://www.ncbi.nlm.nih. gov/pmc/articles/PMC2888798/), osteoporosis and endometrial cancer [3-6, 10, 13] . However, the studies implied that the association between AAM and CVD risk are sparse and the conclusions are contradictory.
Among these sparse studies, several groups claimed that AAM was inversely associated with CVD events and risk factors. In an EPIC-Norfolk study of 15,807 Caucasian women (3,888 CVD events), it was found that women with early menarche ( ≤ 12 years) had higher risks of incident CVD [1. [16] . This study is consistent with the Fels Longitudinal Study of 391 Caucasian females as they found that girls reporting menarche at an earlier age are more likely to exhibit adverse changes of disease risk factors during adolescence, such as insulin, blood pressure and lipids [19] . Recently, a large cohort study of Chinese women in Singapore, who originated from the contiguous provinces of Fujian and Guangdong in the southern part of China, found that there was a significant interaction between AAM and smoking (p < 0.05). This provides evidence for a potential AAM-smoking interaction in relation to CVD risk [20] . Although this study is inconsistent with a study of 37,965 postmenopausal Japanese women which found no difference in risk of CVD, CHD, or stroke mortality in participants who reported menarche before age 16 versus 13 years or younger, the authors attributed the inconsistent findings to the population differences and methodological approaches [22] . A study of 6,242 women aged 21-92 years also found that later menarche (>18 years) was significantly associated with lower CVD risk (OR = 0.71, 95% confidence interval, 0.57 − 0.89; p = 0.002) [15] .
There are also some rare studies in which women who lived in a local area of China were recruited. In a retrospective historical cohort study of 7,349 women from the Guangzhou Biobank Cohort Study (enrolled in 2003-2004) , Heys et al. [23] concluded that early AAM (12.5 years) had a threshold effect on the metabolic syndrome, central obesity, and elevated fasting blood glucose. In another study, a previous cross-sectional study of 9,000 Chinese women aged 25-64 years (enrolled in [2004] [2005] found that AAM was inversely associated with body fatness (BMI, WC and abdominal and total fat mass), insulin resistance (homeostasis model assessment), and total number of metabolic syndrome components [18] . Early AAM increased the risk of CVD events, CVD mortality, and overall mortality in women, which has been proven in other studies as well [16, 24, 25] .
However, there are still some papers that have rather weak conclusions about the correlation between AAM and CVD [26] [27] [28] . In a previous review of the literature on reproductive risk factors and CVD events in postmenopausal women, the authors concluded that AAM has no association or statistically significant inverse association with CVD risk [29] . One prospective study of US female participants, aged 30-55 years (308 cases of CHD) found a nonsignificant association [age-adjusted hazard ratio of 1.3 (0.8-2.1) for menarche before 11 years compared with menarche at age 13 years] [26] . In another hospital-based case-control study of 202 women with acute myocardial infarction and 374 control subjects, no consistent association was observed between AAM and myocardial infarction risk [28] .
In the current study of a large population-based cohort, we found that later AAM is consistently associated with increased risks of CVD events and some CVD risk factors such as HTN. Even if most of the CVD risk factors, such as obesity, smoking, DM, low physical activity, blood pressure and LDL increase with the time of AAM, they interact very weakly. Progressive improvement in education of the population can contribute to the control of some CVD risk factors such as the contemporary epidemic of HTN and smoking, as well as a higher prevalence of CVD [30, 31] . It is consistent with the results of our study that the increase in the incident CVD events, the odds of HTN or educational qualifications of 'college or above' are associated with later menarche, and such cases persisted even after adjusting for age, BMI and height.
Strengths and Limitations
The strength of our study includes the large sample size, drawn from the general population, which resulted in its representativeness. The large-scale regional feature and the wide age range (24-79 years) serve as great advantages of our study. Because China has maintained a rapidly growing economy for years, which resulted in the great change of the citizens' lifestyles as well as nutritional status, this could potentially affect the timing of menarche. The study also covers a wide range of risk factors and a measure of overall CV risk factors rather than self-reported data, which could reduce biases.
However, several limitations in the present study should also be mentioned. Due to the design of this study of a retrospective analysis, we used cross-sectional data and the subjects' recalled AAM from a large sample of women who participated. There might have been a misclassification of AAM. However, menarche is a key milestone in a girl's physiological development, which makes women more likely to remember it even in later adulthood. It has been proven that recall of AAM is reliable over a long period of time [32, 33] . What is more, subjects were also unaware of this hypothesis and random misclassification make it more conservative. There are some variables that have possible misclassifications and they need to be considered. Some of the covariables like psychological condition, smoking habits, alcohol consumption and physical activity were measured by self-reports. Furthermore, we did not have any information on measures of BMI, weight or WC during childhood as well as adolescence, as it has been proven that the BMI in the twenties is strongly associated with the BMI in the youth and in the teenage years [34] . With this, it could help to shed light on the etiology of the associations we focused on.
The geographical difference could also be an important factor which potentially affects these associations. Different groups have previously investigated this issue and demonstrated that the incidence and the prevalence of important CVD risk factors varied greatly from geographical region. In addition, the AAM had also been found to be different in regions with different economic development levels in previous studies [35] [36] [37] . However, we did not collect detailed geographical information of participants in this study and thus, we could not provide experimental evidence of whether there was a geographical difference in these relationships. This may be a limitation of our study and deserves further investigation in future work.
In addition, since the timing of menarche could be partly determined by environmental factors, the difference in socioeconomic condition and family income also resulted in the variation of girls' AAM, which could thus affect the association with CVD [38, 39] . Family income across early life had a significant impact on nutritional and psychosocial status, and a high family income with better socioeconomic conditions and welfare could result in a decrease in AAM [36, [39] [40] [41] [42] . Besides that, a low family income has also proven to be related with increased CVD risk factors, CVD events and mortality [38, 43] . Although the family income across early life was not included in our study, based on these studies above, we suggested that there may be an association between family income and AAM and CVD risks with a complicated pattern.
Conclusion and Implication
The present study is based on a large number of participants to provide sufficient power for effects, as well as to confirm the absence of an association. In conclusion, it is shown in our study that a later AAM plays a role in the development of some CVD risk factors, such as HTN or 'college or above' education level, subsequent to the development of CVD in women. However, the association is only partially mediated by height. Although we cannot modify AAM, early identification of female menarche history may help to identify women with increased risk of CVD (age ≥ 17 years in our study) and provide help to increase the effectiveness of CVD prevention interventions.
